Increased Peptide YY blood concentrations, not decreased acyl-3 ghrelin, are associated with reduced hunger and food intake in 4 healthy older women: preliminary evidence. 
Introduction

48
The ageing population is increasing and with ageing there is frequently a loss of appetite, 49 occurring even in the absence of disease, termed 'anorexia of ageing', which can result in 50 under-nutrition (Morley & Silver 1988). Under-nutrition results in a decline in functional 51 status, impaired muscle function, poor wound healing, higher hospital admission rates, and 52 increased mortality, and contributes to increasing healthcare costs (Norman et al. 2008) . 53
Current consensus suggests that under-nutrition is an under diagnosed problem and this is 54 Under-nutrition is normally treated using nutritional supplements, which are effective but 62 not universally (Milne et al. 2009 ). Studies have also looked at additional food and eating 63 assistance, but these also have mixed outcomes (Wade & Flett 2012) . Poor outcome of 64 nutritional interventions appear to be mediated by appetite; if appetite is suppressed it will 65 limit the consumption of enough food and/or supplements. 66
Evidence exists to suggest a dysregulation of appetite control with ageing; older adults have 67 been shown to have an inability up-regulate appetite after periods of under-nutrition 68 compared to younger. This was related to differences in the sensations of hunger and 69 fullness and resulted in a failure to regain lost weight (Moriguti et al. 2000) .
Appetite is controlled by hormonal and neural factors communicating between the gut and 71 brain (Hameed S, 2009). Briefly, there are several hypothesised satiety hormones including 72 cholecystokinin, peptide tyrosine tyrosine (PYY ) and glucagon-like-peptide-1 (GLP-1), and 73 there is only one gastrointestinal hormone which increases food intake, ghrelin. Our team 74 has demonstrated that the appetite loss in elderly people with fractured neck of femur is 75 associated with dysregulation of PYY and ghrelin (Nematy et al. 2006b ). However, changes 76 seen during illness may be different to those related only to ageing. Therefore, there is a 77 need to investigate whether there are changes in appetite control that occur in healthy 78 older adults, before overt under-nutrition or illness is evident, that may precede these 79 conditions and place the older person at greater risk of developing these conditions. In this 80 study we carefully recruited individuals with no diagnosed health conditions. 81
Our study hypothesis was that appetite would be suppressed leading to lower energy 82 intakes in healthy older people, compared with young, and this would be related to either a 83 decrease in ghrelin or an increase in PYY and GLP-1. 84 85
Methods
86
The Riverside Research Ethics Committee granted ethical approval for the study ( Our aim was to investigate the effects of ageing alone on appetite regulation therefore we 91 recruited healthy subjects from the local community (via posters, adverts in local 92 organisational newsletters, and through the local General Practitioner research network), 93 ensuring equal numbers in each age range: 20-39; 40-59; 60-79, 80+ years, and matchedgroups for sex and BMI (within ±3kg/m²). We recognise that healthy subjects over 60 years 95
are not necessarily representative of their population due to the lack of ill health, but 96 excluding illness was necessary to test whether ageing per se is associated with changes in 97 appetite control. The inclusion criteria were no diagnosed acute disease and no chronic 98 disease or medication known to interfere with gut peptide secretion or appetite (this 99 excludes virtually all chronic diseases; stable hypertension controlled by medication was the 100 most common condition allowed). The main exclusion criteria were: history of alcoholism or 101 substance abuse; raised blood pressure (>90/140mmHg); pregnant or breastfeeding 102 women; recent treatment with an investigational drug; recent blood donation; current 103 smokers; scoring 15 or more in restraint section of the Three Factors Eating Questionnaire. 104
The primary outcome was total ghrelin concentration. Secondary outcomes included acyl-105 ghrelin, PYY and GLP-1 concentration, insulin and glucose levels, appetite visual analogue 106 scores, food intake at the ad libitum meal, and gastric emptying. Figure 1S , supplementary data). The second 126 visit followed this process and the required blood sample volumes were taken. 127
The standard meal was consumed immediately after the first fasting blood sample and 128 consisted of 600ml nutritionally complete supplement drink (Ensure plus, Abbott, USA). This 129 is routinely used in our laboratory as it provides a fixed known amount of macro-nutrients 130 and energy that can be consumed quickly, ensuring a standardised stimulus for gut 131 hormone release. Subjects consumed all of the drink over a 15 minutes period 132 (2781kj/660kcal, 27.5g protein, 89g CHO, 21.6g fat). Directly after the test meal the subjects 133 took 1.5g of soluble paracetamol to measure gastric emptying. Blood samples and visual 134 analogue scales were then completed at regular intervals for 3 hours. After 180 minutes the 135 participants were offered a pre-weighed excess of the chosen meal and asked to eat until 136 comfortably full. The remaining food was weighed to calculate the energy and nutrient 137 intake at the meal. Between one and three volunteers were studied at any given time and 138 no contact was allowed between participants. time since it takes into account the baseline value, however, it could mask the overall effect 160 of ageing. For example, hunger levels may not decrease significantly more in ageing in 161 response to a test meal, but overall hunger levels may be consistently lower, demonstrating 162 an overall effect of ageing rather than just a response to a test meal, therefore AUC was also 163 used. 164
For a power of 90% and α=0.05, with a sd=256.6 (Neary et al. 2004 ) and to detect a 165 difference of 100pmol/l (difference in total ghrelin levels seen in our previous work andpreviously shown to result in altered food intake) 72 patients were needed in total (18 in 167 each age group). 168
The sample was grouped by age as follows: 20-39, 40-59, 60-79 and 80 + years. Age groups 169
were compared either using a one-way ANOVA followed by a Hochberg post-hoc test (for 170 data judged to be normally distributed using Kolmogorov-Smirnov test) or a Kruskall Wallis 171 test followed by a Mann Whitney U test (for data judged to be non-normal). 172
Multiple regression analysis was also used to explore the association of age with hormone 173 concentration, and the factors potentially affecting total energy intake. Exploratory analyses 174
were performed with composite variables constructed from the main endpoints, and the 175 relationship of these composite variables with age was tested with a linear regression 176 analysis. To construct the composite variables, they were first standardised to a common 177 scale by dividing each endpoint by its standard deviation, and subtracting the mean value. 178
Residuals from the regression analysis testing the composite variables were tested for 179 normality using the Shapiro-Wilk statistic and no statistically significant deviations from 180 normality were detected. 181
Results
182
58 volunteers were recruited (details are shown in figure 2S , supplementary data). All age 183 group recruitment targets were met except those over 80 years. This proved an extremely 184 challenging group to recruit, and despite accessing several General Practitioner patient 185 databases, inviting hundreds of potential patients and screening many, we were only able to 186 recruit 6 females eligible for the study. Most individuals were not suitable due to 187 comorbidities and/or current medications. Therefore we have presented here the data for 188 females only due to the absence of males in the oldest age group (data for the whole group 189 is in supplementary information). 190
Demographic details are shown in Table 2 . As expected body composition of the older 191 participants was different to the younger; fat percentage increased and lean percentage 192 decreased with increasing age. Matching for weight and BMI was effective with no 193 significant differences between the age groups. 194 
IAUC
There was a decline in energy intake at the ad libitum meal from the young to the old 216 group (ANOVA: f(3,27)=2.9, p=0.05) as shown in Table 3 . 217 Post hoc testing (Hochberg) revealed significant differences between youngest compared 220 to oldest age group at the 0.05 level. All other comparisons were not significant. These 221 differences were maintained when lean body mass was controlled for, showing a negative 222 correlation between energy intake (kcal)/lean body mass (kg) (p<0.001, r=-0.66) (see 223 Figure 2 ). 224 
226
A multiple linear regression analysis (including men and women) showed that only age 227 (p<0.001) and sex (p=0.03) had an independent effect on energy intake at this meal, and 228 energy expenditure, lean mass and water consumption were all excluded from the final 229
model. 230
We also explored the VAS results in the whole cohort, men and women; the Kruskall-231
Wallis test showed that hunger (H(3)=10.8, p=0.013), pleasantness to eat (H(3)=16.6, 232 p=0.001), and prospective desire to eat (H(3)=18.4, p=0.001) scores were significantly 233 affected by age. Pairwise comparisons with adjusted p values showed that hunger was 234 significantly lower in the oldest compared to the youngest (p=0.016); pleasantness to eat 235 was reduced for 80+ (p=0.001) and 60-79yrs (p=0.023) compared to the youngest; and 236 similarly prospective desire to eat was reduced for 80+ (p=0.001) and 60-79yrs (p=0.011) 237 compared to the youngest. (See Figure 3) . Fullness and nausea scores were not different 238 (data not shown). 239 These data suggest that the age related difference in energy intake in those aged over 80 259 years may result from higher blood concentrations of PYY but not from an increase in GLP-260 1 or a reduction in ghrelin concentration. The regression analysis using age as a 261 continuous variable did not support this finding and found no relationship between age 262 and any hormone blood concentration. 263
We also found higher insulin, glucose and insulin resistance in the oldest age group as 264 would be expected, and this may be explained to some extent by the differences in body 265 fat mass (Paolisso et al. 1999). We found no difference in gastric emptying between 266 young and old, thus eliminating this factor as contributing to the reduced food intake. ageing. This study uses the most robust methodology in terms of the calorie content of 284 the study meals provided, time of day, and the matching of groups on age range, body 285 mass index and sex. In contrast our study, also carefully designed to limit many of these 286 methodological problems, does not support the theory that ghrelin concentration is 287 reduced with ageing. It should be noted that our study was powered to detect a 288 100pmol/l difference between groups and the sample size was too low in the oldest age total ghrelin, acyl ghrelin and gastric emptying with ageing was also observed in this 322 investigation. These data are in agreement with our findings and are consistent with the 323 post-prandial satiety effects of PYY which appears to be released in greater quantity in 324 response to food intake in older individuals. In addition, our data suggest that these 325 effects are only clearly apparent in the very old healthy population. This information 326 supports the hypothesis that ageing is associated with increased PYY production, resulting 327 in satiety, and offering some explanation for the anorexia of ageing. Our data also showed 328 that in the older group there appears to be a suppression of PYY at 15 minutes following 329 the meal. The physiological relevance of this is not known. However there is no 330 suggestion from the VAS that this cause a decrease in satiety at this time point. It is also 331 worth noting that both these studies measured cholecystokinin (CCK) (not done in this 332 study) and found higher concentrations in older subjects both fasting and post prandially. The main limitation of this study is the low number of healthy participants over 80yrs 336 (n=6) and that they were all female, thus it is possible that these results are a type 1 337 statistical error or due to the sex of the subjects. We have presented the female only 338 analysis but the analysis for all data is shown in the supplementary information, 339 suggesting few differences between the sexes.. There is little published data to suggest an 340 effect of sex on gut hormone concentration and appetite control and this evidence relates 341 to phases of the menstrual cycle (Brennan et al. 2009 ). Larger studies, ideally with bothmen and women, using similar standardised protocols are required to confirm our results. 343
Another limitation is that total PYY was measured not PYY 3-36 only. 344
It is difficult to establish from the published literature exactly what age anorexia may start; 345 it appears to be a gradual process but is most common along-side chronic disease 346 (Visvanathan, 2015) . Our data shows that food intake decreases even with no ill health 347 continuing up to 92 years. These changes may precede later physiological changes suggested from our results. 357
Although subjects were matched for BMI, percentage body fat was found to be higher in 358 the oldest age group compared to the youngest and so could be a possible confounder. 359
However, there is scant evidence that PYY is affected by BMI or fat mass. One study 360 (Batterham et al. 2003) found lower PYY levels in obese compared to lean young adults, 361 and a negative relationship between BMI and PYY, suggesting that PYY would be lower 362 with higher fat mass. Therefore, the difference in fat mass is unlikely to be a significant 363 factor in the finding that PYY was increased in the oldest age group. 364 Gastric emptying was also not different between age groups eliminating this factor as one 365 which contributed to the reduction in food intake seen in our aged study sample. In 366 theory; increased time to empty the stomach could reduce appetite and speed up satiety. 367
The use of a small volume meal may have ensured that gastric emptying was not affected 368 allowing us to conclude that the reduction in food intake is due to the changes in PYY 369 concentration. 370
Our data suggest that there may be an increase in the concentration of PYY after meals 371 with healthy ageing in females, potentially resulting in a reduced appetite. There does not 372 appear to be any change in ghrelin or acyl-ghrelin concentration with ageing. 373 
Results
530
The characteristics of all subjects (both men and women) are shown in Table 4S . 531 Table   5S shows the AUC and IAUC for each hormone, and 532 Figure 6S shows the differences between age groups. 533 using Kruskal-Wallis).
Step-down follow-up analysis showed that the oldest age group had 547 significantly higher IAUC compared to the youngest; however, there were no differences 548 between the three youngest age groups, p=0.2. 549
Data were not distributed consistently, some were skewed, some parametric. All are 550 presented as mean and standard deviation and the appropriate comparative tests used. 551 Table 6S shows the data for insulin levels, each age group, both men and women (3Sa), and 566 females only (3Sb). 567 
571
Plasma insulin concentrations at each time point can be seen in Figure 7S , and AUC and 572 IAUC in Figure 8S ((a) all patients; (b) females only). AUC and IAUC scores for insulin 573 increased with age but these differences did achieve significance. AUC is reported as the 574 baseline for the older age group is higher and consequently the IAUC may mask differences. 575
Lack of significance may be due to low numbers because of missing values. 576 577 578 Table 7S (a&b), Figure 9S and Figure 10S . For the whole 589 group glucose AUC was significantly different between age groups, H(3)=9.75, p=0.021 590 (tested using Kruskal-Wallis). Pairwise comparisons with adjusted p values showed that the 591 oldest group had significantly higher AUC compared to the youngest (p=0.03), and there 592 were no other significant differences. IAUC scores were also the highest in the 80+ age 593 group but this did not reach significance. For females only there were no significant 594 differences between age categories for either IAUC or AUC glucose, possibly due to the 595 reduced number of subjects. 596 597 Table 10S shows the energy intake at the ad libitum meal by age group for all subjects (men 644 and women), which was significantly different (p<0.001). Post hoc analysis (Hochberg) 645 showed differences at the 0.05 level between the youngest and two oldest age groups (20-646 39yrs vs 60-79 yrs & 80+ yrs). Figure 12S shows the association with age when energy 647 intake is controlled for lean mass; showing a negative correlation between energy intake 648 (kcal)/lean body mass (kg) (p<0.001, r=-0.57) and age. 649 
